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Abstract 
The data, measured by using global photosynthetically active radiometer (LI-COR 
quantum sensor) and global solar radiometer in Beijing, has been analyzed, for 
investigating the relationship of these two radiant fluxes in Beijing. The data is used 
to determining timescale variability of the ratio of Photosynthetically active radiation 
(PAR) to global solar radiation (Rs). The seasonal variation of the ratio ranges from 
1.713 to 1.990μmol J-1,monthly from 1.626 to 2.039μmol J-1,and daily from 1.42 to 
2.57μmol J-1, with annual mean value 1.841μmol J-1.   
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1 Introduction 
Photosynthetically active radiation (PAR) is the visible part of the electromagnetic 
spectrum of the solar radiation that received at the Earth’s surface. Apart from its 
relevance to daily human activity, it contributes significantly in comprehensive studies 
of radiation climate, remote sensing of vegetation, radiation regimes of plant canopy 
and plays an important part in provides energy supports photosynthetic and primary 
production by green plants through the processes of chlorophyll synthesis and 
photosynthesis which result in the conversion of radiation energy into chemical 
energy and through photosensitive regulatory mechanisms such as phototropism and 
photoperiodic activity(Udo and Aro,1999; Jacovides et al., 2004; Dye,2004).PAR 
covering both photon and energy terms lies between 400nm and 700nm. PAR is a key 
variable in process-based models of terrestrial photosynthesis and 
ecosystem-atmosphere CO2 exchange (Dye, 2004). So extensive study on PAR is 
necessarily and valuable. PAR is necessary input parameters in dealing with plant 
physiology, biomass production, natural illumination in greenhouse, and carbon cycle. 
At present, there are three methods were used to measure PAR radiation:(1) indirect 
method, in this method PAR is often obtained as the difference between two 
irradiance measurements;(2) spectrally integrating method, in this method PAR is 
obtained by integrating spectral irradiance distribution measurements over the 
waveband 400-700nm;(3) direct method, in this method PAR is measured quantum 
sensor, the unit of PAR is µmol m-2s-1. This is base on the fact that photosynthetic 
efficiency of green plants is proportional to the number of photons absorbed in the 
spectral range 400-700nm,and not their energy. (Udo and Aro, 1999). Currently 
Chinese scholars often use indirect method to obtain PAR value, i.e. use different 
spectral solar radiometer to measure radiation, and then obtain PAR value through the 
difference between this two different radiometer.  
Most reports on experimental results use measured values of PAR and global radiation 
P-2
185
 (Rs) to determining the PAR fraction of the global radiation, and then use this PAR 
fraction calculate PAR from the routinely measured global radiation. Nevertheless, the 
range of the PAR fraction is influenced by local climatic and geographic differences 
like clearness and brightness (Udo and Aro, 1999), solar elevation, dewpoint 
temperature and fine mode aerosols. The accurate determination of PAR is important in many 
applications, such as net primary productivity and carbon cycle modeling (Pinker and Laszlo, 
1992 and Frouin and Pinker, 1995). Comprehensive study on PAR can provide accuracy radiation 
for carbon cycle study, present evidence for carbon budget.Hence, approaches to determine PAR 
from more widely measured variables have merit. In this paper, the measured PAR and 
global radiation values are used to analyzes the characteristic of PAR in Beijing and 
quantify the relationship between these two important solar radiation components. 
Based on the ratio of PAR to Rs, an empirical model was developed to estimate PAR 
from Rs. 
 
2 Materials and Methods  
2.1 Site descriptions: 
Beijing, Capital of the People's Republic of China, and located in the northern part of 
the North China Plain at 39°56' north latitude and 116°20' east longitude. Mountains 
in the east, north and west surround it. Beijing covers an area of 16,807.8 sq. km and 
has a population of 11 million. 
The climate in Beijing is of the continental type, with cold and dry winters, due to the 
Siberian air masses that move southward across the Mongolian Plateau. The summers 
are hot owing to warm and humid monsoon winds from the southeast bringing Beijing 
most of its annual precipitation. 
Sampling site is situated at the crossing of the forth ring road and the third ring road. 
This area is part of downtown. There are inhabitant housing in the north and south，
and a freeway near the eastern. Wang (2001) report measurements in this area can 
representation the average condition of Beijing city. 
The sampling instruments are installed on a flat platform at the top of the building 
housing chemic laboratories, Institute of atmospheric Physics, Chinese Academy of 
Sciences. 
2.2 Instruments used 
Global radiation was measured using a Kipp&Zonen model CM-21 (Delft, The 
Netherlands). The PAR photon flux was measured with a Licro quantum sensor 
LI-190Sz (Lin-coln,Nebraska,USA).This station complete with data acquisition 
system(Vaisala M520 data-logger, and a storage module, Finland).The signals were 
conditioned with the respective instrument factors into units of W/m2 and 
µEm-2s-1(quantum mol-1s-1 or µmolm-2s-1).Global radiation measurements have an 
estimated experimental error of 2-3%,while the PAR sensor has a relative error of lees 
then 5%.All radiation values was measured by one minute interval, and the hourly 
values was driven from minute value by integrating them.   
A sun tracker with a direct radiometer (TBS-2) and a global radiometer 
(TBQ-2)(Junzhou, China) was used to measure direct and global radiation. Direct 
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 radiation measurements have an estimated experimental error of 2-3%, while the 
global radiometer has a relative error of lees then 5%. A yuanhua data logger 
(Yuanhua,Taiwan,China) was used to collect these measured data. The measurement 
interval is also one minute. 
Daily checks were made to ensure that the radiometers were positioned horizontally 
by monitoring and adjusting. The global radiometers were calibrated against a 
reference pyranometer,which is calibrated a standard pyrheliomter,while the 
LI-190SA pyranometer is calibrated against calibration lamps at factory. All this 
calibrated work was done at the beginning and the end of data collected. The data 
used is this paper from April 2004 to March, and 2005. 
2.3 Methods 
2.3.1 Analysis methods for PAR  
The analysis is based on hourly radiometric data collected in Chinese terrestrial 
ecological research stations, for a period of one year (Feb. 2004-Mar.2005). The 
hourly data were checked for inconsistencies to eliminate problems associated with 
questionable measurements. Due to cosine response problems this analysis is limited 
to cases with solar elevation 15°< h<85° . 
 
The well-known sky indices，sky clearnessεand brightness kt  (Perez et al., 1990) 
are used to classify the sky conditions. They are computed from radiation values and 
defined as: 
 
d
bd
R
RR +=ε （1） 
sinh0R
Rd=∆ （2） 
 
With Rd and Rb are diffuse and direct radiations on Earth’s surface horizontal 
respectively, and R0 is the extraterrestrial radiation. Sky condition is divided into three 
types. Overcast, clear and intermediate shies have been considered (Jacovides et al., 
2004): (i) overcast skies (∆ <0.1, ε < 1.2); (ii) clear skies (∆< 0.1, ε > 5.2); and 
(iii) intermediate skies (0.2 <∆< 0.3 and 1.2 < ε <5.2).  
2.3.2 Method for develop empirical model 
A multiple linear regression equation used to develop the empirical model for estimate 
PAR from global radiation. The regression equation including sky conditions 
parameters, atmospheric water vapor, and concentration of PM10 and PM2.5. The 
multilinear regression is used to analyze the data; in the regression equation intercept 
is forced to be zero. 
 
3 Results and discussion 
3.1 Time series measurements of PAR and Rs 
The hourly values of solar components radiation are grouped into daily, monthly and 
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 seasonal data sets. The daily ratio of PAR to Rs is derived from hourly values, then the 
monthly ratio values is from daily average values.Fig.1 shows the daily variability of 
both PAR and Rs for the period of the measurements. It is evident that PAR is highly 
correlated with Rs.So the values of PAR can be obtained directly from Rs.It has 
generally been the practice to express the measured hourly or daily relationship 
between PAR and global radiation Rs(Alados et al.,1996;Papaioannou et al.,1996;Udo 
and Aro,1999;Gonzalez and Callbo,2003;Jacovides et al.,2004). 
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Fig. 1 Diurnal variation of PAR and RS in Beijing 
The variation characteristics of PAR and global radiation are distinct, and the 
variation type is presented in Fig. 1.The variation trend of Par is similarly as that of 
global radiation. The diurnal, seasonal variation model of PAR is the same as that of 
global radiation in Beijing. In the diurnal variation rule, the tine of PAR and global 
radiation appears at one time, the maximum value appears at noon. In the seasonal 
variation trend, the high values appear in summer and the low values are in winter, the 
values of spring and autumn are in intermediate (the variation rule is lie on the Earth 
rotation and the sun revolution rule). There is good correlation ship between these two 
solar radiation components, from this variation characteristic one of them is can be 
estimated from another one. 
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Fig. 2 Daily ratio of PAR to Rs 
 
Daily ratio of PAR to Rs is showed in Fig.2. The minimum and maximum daily ratio 
value is 2.5 and 1.6 molMJ-1 respectively. The annual average of daily ratio was 1.954
±0.086 molMJ-1,this agrees with the monthly result in Table 1.For overcast days the 
minimum and maximum daily ratio value are 2.6 molMJ-1, 1.9 molMJ-1respectively, 
and in clear days the minimum and maximum daily ratio value are 2.5 molMJ-1, 1.8 
molMJ-1 respectively. The cloudy days ratio was 4.3% higher than that of clear days. 
These results show that cloudiness and vapor have effect on the ratio. 
 
Table 1 Ratios of PAR to global radiation on monthly, and seasonal  
Period Number of days Ratio  R2 Standard deviation 
April  30 1.87 0.995 0.037 
May 31 1.91 0.992 0.079 
June 30 1.96 0.998 0.043 
July 31 2.04 0.990 0.072 
August 31 1.99 0.996 0.063 
September 30 1.83 0.997 0.056 
October 31 1.70 0.997 0.034 
November 30 1.63 0.99 0.068 
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Fig. 3 Monthly mean diurnal variation of the ratio of PAR to Rs 
The mean diurnal ratio on monthly was calculated from hourly ratio values. Monthly 
characteristic of the ratio is showed in Fig. 3. The monthly variation scope is 
smoother than that of daily variation range. This phenomena show that the influence 
of cloud on the monthly ratio is smaller than that on daily ratio. Fig.3 show that the 
variation of monthly ratio has a significant trend, namely, higher ratio during sunrise 
and sunset, and lower at noon (there is a different diurnal variation of the ratio in 
afternoon of October and September, this is caused by higher aerosol concentration 
and different variation model of humidity. In October and December dewpoint 
temperature is the lower in the morning, humidity is increase gradual and after noon 
humidity decrease.). From April the ratio is gradually increase, and the appears the 
maximum ratio in July, then the ratio values is decrease gradually, and the lowest ratio 
is appears in January. The climate variation characteristic of the control factor of the 
ratio variation trend, East Asia season is the mainly climate characteristic of Beijing. 
In this climate, there is significant rainy season, and a dry period. Monsoon is start in 
July (summer), and end in early September as the dry season sets in. There are many 
active synoptic systems (depressions) in Beijing, in July. So the surface heating causes 
increase moisture content. Water vapor through absorption processes markedly affects 
the longer wavelengths, leaving the spectral PAR portion invariability, consequently 
decreasing the global radiation greater than that of PAR, so the ratio increase with 
water vapor increasing. On the contrary, there is stabilization system control and the 
dry season strong, and there is almost clear day in Januarys. The concentration of 
aerosol is higher in this month, because of steady boundary layer and aerosol 
accumulative. The aerosol through scattering the PAR spectral, and have a little 
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 effects on longer wavelength radiation, so the ratio is decreasing with the 
concentration of aerosol (especially the fine particle in the atmospheric aerosol) 
increasing.   
 
Fig. 4 Weather systems in East Asia 
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Fig. 5 Average ratio of PAR to Rs in monthly 
Seasonally variation properties of the ratio is that, the highest value appeared in 
summer, the smallest values of ratio is appeared in winter, and the ratio values in 
autumn is smaller then that in spring. The mainly reason of these monthly variation 
properties is caused by: Beijing is situating in the East Asian monsoon area, there are 
a rainy season and a dry season in this region. There are many active synoptic systems 
(depressions) happen in this area, but concentration of the water vapor is limited and 
has few rain in this region, in spring (March, April, May). The rainy season is setting 
in June, ending in august and dry season coming. The mainly rainfall is produced in 
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 July. In autumn season (September, October, November), Beijing is often controlled 
by anticyclone; the sky condition is always clearness. Subtropical anticyclone 
frequent happens in winter season (December, January, February), rainless and 
cloudless is the mainly sky condition type in this region. Spring, and winter is called 
dry season, because there are few rainfalls in these season. In rainy season, there are 
abundant water vapors in Beijing, so the ratio is highest. In the dry season, there is 
little water vapor and high aerosol concentration, so the smallest ratio values 
happened in this season. 
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Fig.6 The Ratio of PAR to Rs vs. sky clearnessε (a), brightness ∆ (b), solar elevation 
sin (h), and Kt. all parameters’ means values are calculated for 10% intervals. 
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Fig. 7 The Ratio of PAR to Rs vs. percipitable water 
 
Fig. 6-Fig. 8 show the ratio of PAR to Rs is mainly depend on the percipitable water. 
The ratio is gradually decreased with sky clearnessε,and brightness increase ,then 
there is inflexion in the decrease trend, finally the ratio variation is steady.  
3.2 Estimate model development 
The sky condition index Ks＝Rs/ H0 is used in the estimate equation rather than sky 
clearnessε,because there is enslaved to diffuse radiation observe generally. R0 is the 
extraterrestrial radiation is calculated by equation(Iqbal,1983): 
 
( ) ( ) ( )[ ]ss wwLSH sincoscossinsin18024 000 φδφδππ +=   (3) 
 
Where S0= the solar constant energy unit =1367Wm-2,L0 is the correction factor of the 
earth’s orbit,δ the solar declination,ws is sunrise hour angle and Φ is the geographical 
latitude. 
3.2.1 Estimating equation  
Firstly, The global radiation and PAR dataset was used to developed the estimate 
equation. In this step the sky conditions, water vapor and the solar elevation is omitted. 
A linear regression equation from origin is used for estimating equation. From the 
analysis results, the ratio of PAR to global radiation has a significant seasonal 
variation characteristic, so all the data were used to developed the primary estimated 
equation, then the dataset is divided into dry season and rainy season to developed the 
primary estimating equation. 
 
)1mod(
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Secondly, The mainly influence factor of the ratio of PAR to global radiation is the 
vapor, so in the secondly step the percepitable water and sky conditions were used for 
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 the estimating equation developed. The percepitable water is calculated from ground 
humidity and temperature (Yang, and Qiu, 2002). 
 
waterleprecepitibisWtbbW d ),exp( 10 ′+′= (4) 
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Because there is no scattered radiation and direct radiation in a great number of 
radiation observation station in china solar radiation observation station, So A 
estimating equation without sky conditions parameters(sky clearnessε, brightness ∆) 
is being developed. In this developed estimate equation progress, the means sky 
condition parameter Ks is used for developing the estimate equation. The sky 
condition index Ks is calculated by equation 3. 
 
)2(mod
66.0),sin(21.0)ln(121.0534.1
746.0),sin(31.01.0)ln(177.0576.1
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where,w is precipitable water, elevation is solar elevation,ks is means sky conditon. 
 
4 conclusions 
The analyses of measured PAR and global radiation in Beijing are summarized as 
fellow: The ratio of PAR to global radiation has a significant seasonal variation trend, 
high values in summer (1.98 μmol J-1) and low values in autumn μmol J-1).The 
values of ratio in winter and spring are higher than that on autumn. The highest ratio 
value is presented in July(2.04μmol J-1) and the lest ratio value presented in 
December (1.626μmol J-1). 
The estimating equation can be used estimate PAR from global radiation. 
The diffuse PAR radiation has higher light use efficiency for plant canopy, has much 
less tendency to cause canopy photosynthetic saturation (Lianhong Gu et al., 2001). Farther work 
on PAR will setup a diffuse PAR measured systems and estimating equation for diffuse PAR will 
be developed. 
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